Isoforms of chicken triosephosphate isomerase are due to specific oxidation of cysteine126.
The electrophoretic isoforms of mammalian triosephosphate isomerase (TPI; EC 5.3.1.1) are due to deamidation at two Asn-Gly sites (Asn15 and Asn71). Deamidation of these two asparagines in the subunit-subunit interface of the isologous dimer appears to destabilize the dimer and initiate degradation of the protein. Chicken TPI contains a lysine substitution for Asn71, thus precluding this deamidation site. Nevertheless, the chicken enzyme exhibits three electrophoretic isoforms. This multiplicity is not the result of deamidation of the remaining Asn15 site, but due to a specific site which is highly susceptible to oxidation. The three isoforms of chicken TPI can be reduced to a single form in the presence of high concentrations of reducing agents (e.g., greater than 15 mM dithiothreitol or greater than 50 mM 2-mercaptoethanol) and are also generated when oxidizing agents, such as oxidized glutathione, are present. The oxidized isoforms exhibit lowered catalytic activity and are more susceptible to denaturation and proteolytic degradation than the native enzyme. Structural analysis of the isoforms by chemical cleavage at the cysteine peptide bonds with 2-nitro-5-thiocyanobenzoic acid and subsequently at the methionines with CNBr followed by peptide sequencing reveals that Cys126 is the site of the modification. Since the oxidized isoforms of chicken TPI accumulate in vivo during aging analogous to the deamidated isoforms from mammals, it appears that TPI is the first example of a protein which has evolved two specific types of weak links which may initiate turnover of the protein.